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Introduction

Channels are pores and through them ions flow across the cell
membrane and depolarize or hyperpolarize the cell. They open in
response to voltage changes or binding of a chemical messenger,
such as a neurotransmitter (i.e. ligand-gated ion channels).
Biochemically, channels are specialized membrane macro-molecular
protein complexes divided into distinct protein units called sub-units.
Each sub-unit has a specific function and is encoded by a different gene.
These proteins play heterogeneous physiological roles such as impulse
generation and propagation, synaptic transmission and plasticity,
hormonal secretion, hearth rhythm, blood pressure regulation, salt-
water balance, cell proliferation and survival. Thus, defects in ion
channels function may cause diverse and severe diseases collectively
known as channelization [1,2]. They include diabetes, migraine,
ataxia, epilepsy, autism, intramuscular, psychiatric, degenerative,
renal, lung and cardiovascular diseases. The cause of such diseases
may be congenital (mutations in the encoding genes) or acquired (ire.
originating from autoimmune attacks) [3-5].

In particular, link between altered activity of the serotonin system
and migraine, ataxia, epilepsy and autism have been proposed.

Migraine

Migraine is a chronic episodic disorder that has been linked to
abnormalities in serotonin signaling and abnormal function of a
synaptic voltage-gated calcium channel: CACNA1A. More precisely,
a low condition of the serotonergic (serotonin, 5-HT) system from
the brain-stem raphe nucleus has been implicated in the activation
of the trigeminovascular nociceptive pathway [6]. In parallel, it has
been reported that the brain-specific P/Q-type Ca2+channel gene
CACNALIA acts as a pivotal player in the pathogenesis of migraine [7]
and that transgenic expression of human CACNAIA can suppress the
lethargic and serotonin-deficient phenotypes of unc-2 mutant animals,
therefore proposing that CACNA1A function might affect the levels of
serotonin, a neurotransmitter known to be important in migraine [8]
and in particular in Familial hemiplegic migraine (FHM). This is the
rare Mendelian dominant form of migraine which is more prevalent
in mono-zygotic twins than dizygotic ones. Numerous genetic
abnormalities, especially in the genes encoding membrane transport
proteins, ion pumps and channels such as CACNAIA, ATP1A2,
SCNIA are likely to be involved in this migraine type. Motor weakness
and/or paralysis are the symptoms of diagnosis [9].
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Ataxia

Ataxia is a non-specific clinical condition characterized by
dysfunction of the areas of the nervous system that control movement,
such as the cerebellum [10].

A possible link between cerebellar ataxia and the metabolism
of serotonin has been proposed as anti-ataxic effect of buspirone
hydrochloride, a serotoninergic 5-hydroxytryptaminelA (5-HT1A)
agonist, in a homogenous group of patients characterized by the
same well-defined single condition i.e. cerebellary cortical atrophy
has been reported [11]. Accordingly, it has been observed that
5-hydroxytryptophan, serotonin precursor, is more effective than
placebo improving neurological symptoms in patients with Friedreich
ataxia (FA) [12]. FA is an autosomal recessive genetic illness responsible
for progressive damage to the nervous system in the spinal cord, in
particular of sensory neurons basal for leading muscle motion of the
arms and legs via link with the cerebellum [13].

Epilepsy and Autism

Epilepsy is a crucial medical complication that evolves in subjects
with autism [14].

Anomalous cortical development in both autism and forms
of epilepsy has been observed. It is known that serotonin plays an
essential neurotrophic function during brain development and in both
these diseases altered serotonergic functions have been detected [15].

Imaging data and analysis of tissue of epileptic patients, as well as
studies in animal models provide evidence that endogenous serotonin
(5-HT), the activity of its receptors and pharmaceuticals with serotonin
agonist and/or antagonist properties play a significant role in the
pathogenesis of epilepsies [16]. On the other hand, a role for altered
metabolism of the serotonin precursor, tryptophan, in both epilepsy
and autism has been proposed [15].

Psychiatric

Anxiety disorders, depression, eating disorders are psychiatric
diseases in which serotonin is directly involved [17].
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In particular, the Selective Serotonin Reuptake Inhibitors (SSRIs)
have emerged as a major therapeutic advance in psychopharmacology.
SSRIs have demonstrated efficacy and tolerability in the treatment of
obsessive-compulsive disorder (OCD). They have been found to be
effective in the treatment for social anxiety disorder both in reducing
total levels of social anxiety and in improving overall clinical condition.
Benefits for anorexia nervosa are also observed. SSRIs should also be
considered as one of the first-line drugs in the treatment of depression [18].

In addition to the success of pharmacological treatment with SSRIs
OCD appeared to be treatable with atypical antipsychotic drugs [19].

Furthermore, the co-existence of serotonergic and dopaminergic
dysfunction in the same homogeneous group of drug-naive OCD
patients has been monitored [20] therefore proposing complex
molecular mechanisms of OCD. This suggests that both the
central serotonergic and dopaminergic systems are involved in the
pathophysiology of the disorder. Indeed, in randomized, double-
blind, controlled trials evaluating the efficacy of the norepinephrine-
dopamine reuptake inhibitor (NDRI) bupropion versus SSRIs for
treatment of depression in adults it appeared that bupropion and SSRIs
have similar effectiveness [21].

Additionally, dopamine is implicated in Parkinson’s disease
(PD), which is marked by progressive degeneration of midbrain
dopaminergic neurons [22,23] and dopamine agonists are being used
increasingly as first-line treatment for Parkinson’s disease [24].

Various investigations implicate ion channel functions and
acetylcholine (Ach) as well as ACh receptors in the development of
Alzheimer’s disease (AD) [4,25,26].

Finally, functional changes in ion channel activity induced by
reactive oxygen species (ROS) and reactive nitrogen species such
as nitric oxide (NO) might occur during the aging process [27] and
association between rat neutrophil membrane depolarization and NO-
dependent free radical generation has been shown [28].

Research proposal

Serotonin, dopamine, Ach, NO are neurotransmitters that
can be monitored in vivo in situ and in real time by voltammetry
[29-32]. Therefore, it seems possible to propose to couple such
electrochemical methodology with the ‘classic” in vitro methodologies
described in the various references cited above for a parallel analysis
of the channelopathies that are involving such neurotransmitters. The
“classic” in vitro analyses together with voltammetric in vivo, in situ
and in real time studies will probably permit a better understanding of
their implication in all these diseases and possibly open up new in view
for novel therapeutic approaches.
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